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PROCESS AND APPARATUS FOR MAKING 
FORESHORTENED CELLULSIC 

STRUCTURE 

This Application is Continuation-In-Part of both Ser. No. 
08/870,535 ?led Jun. 6, 1997, now US. Pat. No. 5,935,381, 
and Ser. No. 08/920,204 ?led Aug. 15, 1997, now US. Pat. 
No. 5,938,893 issued Aug. 17, 1999. 

FIELD OF THE INVENTION 

The present invention is related to processes and appara 
tuses for making strong, soft, absorbent cellulosic Webs. 
More particularly, this invention is concerned With processes 
and apparatuses for making foreshortened paper Webs. 

BACKGROUND OF THE INVENTION 

Paper products are used for a variety of purposes. Paper 
toWels, facial tissues, toilet tissues, and the like are in 
constant use in modern industrialiZed societies. The large 
demand for such paper products has created a demand for 
improved versions of the products. If the paper products 
such as paper toWels, facial tissues, toilet tissues, and the 
like are to perform their intended tasks and to ?nd Wide 
acceptance, they must possess certain physical characteris 
tics. Among the more important of these characteristics are 
absorbency, softness, and strength. 
Absorbency is the characteristic of the paper that alloWs 

the paper to take up and retain ?uids, particularly Water and 
aqueous solutions and suspensions. Important not only is the 
absolute quantity of ?uid a given amount of paper Will hold, 
but also the rate at Which the paper Will absorb the ?uid. 
Softness is the pleasing tactile sensation consumers perceive 
When they use the paper for its intended purposes. Strength 
is the ability of a paper Web to retain its physical integrity 
during use. 

There is a Well-established relationship betWeen strength 
and density of the Web. Therefore efforts have been made to 
produce highly-densi?ed paper Webs. One of such methods 
is disclosed in the US. Pat. No. 4,112,586 issued Sep. 12, 
1978; the US. Pat. Nos. 4,506,456 and 4,506,457 both 
issued Mar. 26, 1985; US. Pat. No. 4,899,461 issued Feb. 
13, 1990; US. Pat. No. 4,932,139 issued Jun. 12, 1990; US. 
Pat. No. 5,594,997 issued Jan. 21, 1997, all foregoing 
patents issued to Lehtinen; and US. Pat. No. 4,622,758 
issued Nov. 18, 1986 to Lehtinen et al.; US. Pat. No. 
4,958,444 issued Sep. 25, 1990 to Rautakorpi et al. All the 
foregoing patents are assigned to Valmet Corporation of 
Finland and incorporated by reference herein. 

Basically, the technology described in the foregoing pat 
ents uses, in a representative embodiment, a pair of moving 
endless bands to dry the Web Which is pressed and is carried 
betWeen and in parallel With the bands. The bands have 
different temperatures. A thermal gradient drives Water from 
the relatively hot band contacting the Web toWards the 
relatively cold band contacting the fabric into Which the 
Water condenses. While it alloWs production of a highly 
densi?ed, rigid, and strong paper, this method is not 
adequate to produce a strong and—at the same time—soft 
paper suitable for such consumer-disposable products as 
facial tissue, paper toWel, napkins, toilet tissue, and the like. 

It is Well knoWn in the papermaking art that the increase 
in the density of a paper generally decreases the paper’s 
absorbency and softness characteristics, Which are very 
important for the consumer-disposable product mentioned 
above. Foreshortening of the paper may provide increases in 
the paper’s caliper, absorbency, and softness. As used herein, 
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2 
foreshortening refers to reduction in length of a dry paper 
Web, resulting from application of energy to the Web. 
Typically, during foreshortening of the Web, rearrangement 
of the ?bers in the Web occurs, accompanied by at least 
partial disruption of ?ber-to-?ber bonds. Foreshortening can 
be accomplished in any one of several Ways. The most 
common method is creping, in Which method the dried Web 
is adhered to a smooth surface, typically the surface of the 
Yankee dryer drum, and then removed from the surface With 
a doctor blade. Such creping is disclosed in commonly 
assigned US. Pat. No. 4,919,756, issued Apr. 24, 1992 to 
SaWdai, the disclosure of Which patent is incorporated by 
reference herein. Alternatively or additionally, foreshorten 
ing may be accomplished via Wet-microcontraction, as 
taught in commonly-assigned US. Pat. No. 4,440,597, 
issued Apr. 3, 1984 to Wells et al., the disclosure of Which 
patent is incorporated by reference herein. 

In any process Where the primary purpose is to form a 
uniformly-densi?ed strong paper (such for example, as a 
paper board), the use of foreshortening is highly 
objectionable. In contrast With the methods for producing 
uniformly-densi?ed papers, cellulosic structures currently 
made by the present assignee contain multiple micro-regions 
de?ned most typically by differences in density. The 
differential-density cellulosic structures are created 
by—?rst, an application of vacuum pressure to the Wet Web 
associated With a papermaking fabric, thereby de?ecting a 
portion of the papermaking ?bers to generate loW-density 
micro-regions, and—second, pressing, for a relatively short 
period of time, portions of the Web comprising non-de?ected 
papermaking ?bers against a hard surface, such as a surface 
of a Yankee dryer drum, to form high-density micro-regions. 
The high-density micro-regions of the resulting cellulosic 
structure generate strength, While the loW-density micro 
regions contribute softness, bulk and absorbency. 

Such differential density cellulosic structures may be 
produced using through-air drying papermaking belts com 
prising a reinforcing structure and a resinous frameWork, 
Which belts are described in commonly assigned US. Pat. 
No. 4,514,345 issued to Johnson et al. on Apr. 30, 1985; US. 
Pat. No. 4,528,239 issued to Trokhan on Jul. 9, 1985; US. 
Pat. No. 4,529,480 issued to Trokhan on Jul. 16, 1985; US. 
Pat. No. 4,637,859 issued to Trokhan on Jan. 20, 1987; US. 
Pat. No. 5,334,289 issued to Trokhan et al on Aug. 2, 1994. 
The foregoing patents are incorporated herein by reference. 
NoW it has been found that soft and, at the same time, 

strong differential-density paper Webs may be successfully 
produced by ?rst—highly densifying at least selected por 
tions of the Web betWeen tWo press surfaces, and then— 
creping the Web off one of the press surfaces to Which the 
Web has adhered during pressing. The commonly assigned 
co-pending patent applications entitled “Differential Density 
Cellulosic Structure and Process for Making Same” ?led on 
Jun. 6, 1997 in the name of Trokhan et al., and “Fibrous 
Structure and Process for Making Same” ?led on Aug. 15, 
1997 in the name of Trokhan et al. are all incorporated by 
reference herein. It has also been found that foreshortening 
of the paper Web may bene?cially be accomplished in these 
processes, completely eliminating a need for the Yankee 
dryer drum as a creping surface. 

Accordingly, it is an object of the present invention to 
provide an apparatus and an improved papermaking process 
for making a foreshortened strong and—at the same time— 
soft paper Web, eliminating the need for a Yankee dryer. 

SUMMARY OF THE INVENTION 

AWet Web is disposed on a ?uid-permeable papermaking 
fabric having a Web-side (in contact With the Web) and a 
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backside opposite to the Web-side. The Web and the fabric 
are pressed between tWo parallel and mutually opposed ?rst 
and second press surfaces. The ?rst press surface contacts 
the Web, and the second press surface contacts the paper 
making fabric’s backside. The press surfaces may be ?at or, 
alternatively, curved. If needed, an additional fabric may be 
provided betWeen the papermaking fabric and the second 
press surface. 

In a preferred continuous process, each press surface 
preferably comprises an endless band, and the papermaking 
fabric comprises an endless belt. The Web and the belt are 
interposed betWeen the ?rst and second bands and pressed 
thereby Within a press nip formed by the bands. The pressure 
at Which the Web is impressed is controlled by a pressing 
means Which may include, but is not limited to, devices 
juxtaposed With the bands and pushing the bands toWards 
each other. The pressure may also be controlled by the 
bands’ longitudinal tension and a clearance betWeen the 
sections of the bands comprising the press nip therebetWeen. 

The Web and the fabric move in a machine direction. The 
?rst press surface may be smooth or, alternatively, patterned. 
Similarly, the belt’s Web-side may be patterned. For the belt 
having a patterned Web-side, a belt having a resinous frame 
Work joined to a reinforcing structure is preferred. 

The ?rst press surface is heated to create a temperature 
differential betWeen the ?rst and second press surfaces. The 
second press surface may also be heated to a lesser 
temperature, relative to a temperature of the ?rst press 
surface. Alternatively, the second surface may be maintained 
at ambient temperature, or be cooled. The temperature 
differential causes Water contained in the Web to move from 
a relatively hot area to a relatively cold area (due to at least 
partial evaporation folloWed by condensation), e. g., from 
the Web into the fabric, thereby deWatering the Web. 

Under the pressure caused by the ?rst and second press 
surfaces Wherein the ?rst press surface imprints the Web into 
the belt, at least selected portions of the Web become 
densi?ed and adhered to the ?rst press surface Which can be 
treated With a creping adhesive. The creping adhesive may 
be applied to the ?rst press surface uniformly, 
or—alternatively—according to a pre-selected pattern. An 
adhesive applicator may comprise a printing roll, spraying 
noZZles, extrusion devices, and other devices knoWn in the 
art. 

After the Web is released from the pressure, the Web is 
foreshortened by a foreshortening means. Foreshortening 
may be accomplished by creping, by transferring the Web 
from the ?rst press surface to a sloWer moving transfer 
fabric, or by the combination thereof. 

Creping is preferably performed With a creping doctor 
blade juxtaposed With the creping surface having the Web 
adhered thereto. The creping surface may comprise the ?rst 
press surface. Alternatively, the creping surface comprises a 
surface separate from the ?rst press surface. While creping 
may be used With both the smooth crepe surface and the 
patterned crepe surface, preferably the creping surface is 
smooth in the machine direction such that the movement of 
the creping surface relative to the creping blade is not 
obstructed in the machine direction. 

Foreshortening by transferring the Web from the ?rst press 
surface to a sloWer-moving transfer fabric may also be used 
With the both—smooth and patterned—types of the ?rst 
pressing surface. The sloWer-moving transfer fabric has a 
preferred velocity in the range of from about 95% to about 
75% of the velocity of the ?rst press surface. The preferred 
transfer fabric comprises an endless belt, preferably having 
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4 
a textured Web-contacting surface to provide necessary 
friction betWeen the Web-contacting surface of the transfer 
fabric and the Web being transferred thereon. Preferably, the 
Web has a consistency of at least about 30% just before the 
Web is transferred to the transfer fabric. Optionally, the Web 
may be calendered after being foreshortened. 
While the process and the apparatus of the present inven 

tion are described herein mostly in terms of making the 
differential-density Web, both the process and the apparatus 
are equally applicable for making a paper Web having 
substantially even distribution of density. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic side-elevational vieW of one exem 
plary embodiment of a continuous process and an apparatus 
of the present invention, shoWing a Web being foreshortened 
by creping With a creping doctor blade. 

FIG. 1A is a schematic fragmental vieW of the apparatus 
taken along the arroW 1A in FIG. 1, and shoWing an 
adhesion applicator comprising a plurality of noZZles spray 
ing a creping surface With an adhesive. 

FIG. 2 is a schematic side-elevational vieW of a continu 
ous process and an apparatus of the present invention, 
shoWing a Web being foreshortened by transferring it from 
a papermaking fabric to a transfer fabric. 

FIG. 3 is a schematic side-elevational vieW of another 
embodiment of a continuous process and an apparatus of the 
present invention, shoWing a Web being foreshortened by 
transferring it from a ?rst press surface to a transfer fabric. 

FIG. 4 is a schematic side-elevational vieW of a continu 
ous process and an apparatus of the present invention, 
shoWing a Web being foreshortened by transferring it from 
a papermaking fabric to a transfer fabric, using a vacuum 
pick-up shoe. 

FIG. 5 is a schematic side-elevational vieW of a continu 
ous process and an apparatus of the present invention, 
shoWing a Web being foreshortened by transferring it from 
a ?rst press surface to a transfer fabric, then pressing the Web 
using an auxiliary press surface, and creping the Web off a 
convex creping surface. 

FIG. 6 is a schematic side-elevational vieW of a continu 
ous process and an apparatus of the present invention, 
shoWing a Web being foreshortened by transferring it from 
the ?rst press surface to the transfer fabric, then pressing the 
Web using an auxiliary press surface, and creping the Web off 
a concave creping surface. 

FIG. 7 is a schematic side-elevational vieW of a continu 
ous process and apparatus of the present invention, shoWing 
a Web being foreshortened by transferring it from the ?rst 
press surface to the transfer fabric, and then creping the Web 
off the ?at creping surface. 

FIG. 7A is a schematic fragmental vieW of the apparatus 
taken along the arroW 7A in FIG. 7, and shoWing an adhesive 
applicator comprising a printing roll in contact With a 
creping surface. 

FIG. 8 is a schematic fragmental cross-sectional vieW of 
a Web and a papermaking belt being pressed betWeen a ?rst 
press surface and a second press surface, the ?rst press 
surface having an extending three-dimensional pattern 
therein. 

FIG. 9 is a schematic top plan vieW of the ?rst press 
surface shoWn in FIG. 8, and taken along lines 9—9 of FIG. 
8. 

FIG. 9A is a schematic top plan vieW of another embodi 
ment of the ?rst press surface comprising longitudinal 
stripes extending in the machine-direction. 
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FIG. 10 is a schematic fragmental cross-sectional vieW of 
one embodiment of a papermaking belt (shown in associa 
tion With the Web) that may be utilized in the present 
invention, comprising an essentially continuous framework 
joined to a reinforcing structure and having discrete de?ec 
tion conduits. 

FIG. 11 is a schematic top plan vieW of the papermaking 
belt shoWn in FIG. 10, and taken along lines 11—11 of FIG. 
10. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The process of the present invention comprises a number 
of steps or operations Which occur in the general time 
sequence as noted beloW. It is to be understood, hoWever, 
that the steps described beloW are intended to assist a reader 
in understanding the process of the present invention, and 
that the invention is not limited to processes With only a 
certain number or arrangement of steps. It is possible, and in 
some cases even preferable, to combine at least some of the 
folloWing steps so that they are performed concurrently. 
Likewise, it is possible to separate at least some of the 
folloWing steps into tWo or more steps Without departing 
from the scope of this invention. 

First, an apparatus 10 is provided, as shoWn in FIGS. 1—7. 
The apparatus 10 of the present invention comprises a ?rst 
press surface 11 and a second press surface 12 parallel and 
opposite to the ?rst press surface. The ?rst and second press 
surfaces 11, 12 are capable of receiving therebetWeen a Web 
60 of Wet cellulosic ?bers in association With a papermaking 
fabric 20 supporting the Web 60. The apparatus 10 further 
comprises a pressing means 30 for moving the press surfaces 
11, 12 toWards each other thereby pressing the Web 60 and 
the papermaking fabric 20 betWeen the press surfaces 11, 12 
such that the ?rst press surface 11 contacts the Web 60 and 
the second press surface 12 contacts the fabric 20. 

A means 40 for creating a temperature differential 
betWeen the ?rst press surface 11 and the second press 
surface 12 is provided. The means 40 for creating a tem 
perature differential is shoWn schematically in several draW 
ings as a heating apparatus 41 for heating the ?rst press 
surface 11, and an optional cooling apparatus 42 for cooling 
a second press surface 12. The means 40 for creating a 
temperature differential may also comprise—alternatively or 
additionally—steam-heating of the ?rst press surface 11 
and/or Water-cooling of the second press surface 12. Other 
conventional means for creating a temperature differential 
betWeen the ?rst and second press surfaces 11, 12 may also 
be utiliZed in the apparatus 10 of the present invention. Of 
course, the second press surface 12 does not need to be 
af?rmatively cooled: it may be maintained having an ambi 
ent temperature, or it may even be heated to a temperature 
Which is less than the temperature of the ?rst press surface 
11. The important factor is to maintain the temperature 
differential suf?cient to drive the Water contained in the Web 
60 in the direction from the ?rst press surface 11 toWards the 
second press surface 12, due to at least partial evaporation 
folloWed by condensation. 

Atransporting means 50 is provided for moving the press 
surfaces 11, 12, and the fabric 20 With the associated Web 60 
in a machine direction (MD). A variety of the transporting 
means, Well knoWn in the art, may be used in the apparatus 
10 of the present invention. 

The apparatus 10 further comprises a foreshortening 
means 70 for foreshortening the Web 60 after the Web 60 is 
released from the pressure betWeen the press surfaces 11, 12. 
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6 
The foreshortening means 70 Will be discussed in suf?cient 
detail herein beloW. 

As used herein, the term “papermaking fabric” is a 
generic term including stationary papermaking plates and 
endless papermaking belts. In the conteXt of the preferred 
continuous processes, fragments of Which are shoWn in 
FIGS. 1—7, the papermaking fabric 20 comprises an endless 
belt traveling in the machine direction indicated by the 
directional arroW MD in several draWings illustrating the 
present invention. As used herein, the terms “fabric” and 
“belt” are synonymous and interchangeable. 
A variety of papermaking belts may be used as the fabric 

20 in the present invention. Examples include: US. Pat. 
Nos. 4,514,345 issued to Johnson et al. on Apr. 30, 1985; 
4,528,239 issued to Trokhan on Jul. 9, 1985; 4,529,480 
issued to Trokhan on Jul. 16, 1985; 4,637,859 issued to 
Trokhan on Jan. 20, 1987; 5,334,289 issued to Trokhan et al. 
on Aug. 2, 1994; 5,628,876 issued to Ayers et al. on May 13, 
1997, all commonly assigned and incorporated by reference 
herein. 

Also, the commonly-assigned US. Pat. No. 4,239,065, 
issued Dec. 16, 1980, in the name of Trokhan and incorpo 
rated by reference herein, discloses the type of the belt 20 
that can be utiliZed in the present invention. The belt 
disclosed in US. Pat. No. 4,239,065 has no resinous frame 
Work; the Web-side of this belt is de?ned by co-planar 
crossovers of mutually interWoven ?laments distributed in a 
predetermined pattern throughout the belt. 

Another type of the belt Which can be utiliZed as the belt 
20 in the process of the present invention is disclosed in the 
European Patent Application having Publication Number: 0 
677 612 A2, ?led Dec. 4, 1995. 

In the present invention, the belt 20, having a Woven 
element as the reinforcing structure 25, as shoWn in FIGS. 
5 and 6, is preferred. HoWever, the belt 20 can be made using 
a felt as a reinforcing structure, as set forth in US. Pat. No. 
5,556,509 issued Sep. 17, 1996 to Trokhan et al. and the 
patent application Ser. No. 08/391,372 ?led Feb. 15, 1995 in 
the name of Trokhan et al. and entitled: “Method of Apply 
ing a Curable Resin to a Substrate for Use in Papermaking”; 
Ser. No. 08/461,832 ?led Jun. 5, 1995 in the name of 
Trokhan et al. and entitled: “Web Patterning Apparatus 
Comprising a Felt Layer and a Photosensitive Resin Layer.” 
These patent and patent applications are commonly 
assigned and incorporated herein by reference. 

In the preferred continuous process schematically illus 
trated in FIGS. 1—7, the ?rst press surface 11 is a surface of 
a ?rst endless band 31, and the second press surface 12 is a 
surface of a second endless band 32. The transporting means 
50 are schematically illustrated as comprising rotating return 
rolls around Which the endless bands 31 and 32 travel in the 
machine direction MD. The ?rst endless band 31 travels 
around return rolls 51 and 52; and the second endless belt 32 
travels around return rolls 55 and 56. Both the ?rst and 
second bands 31, 32 have a ?rst velocity V1 schematically 
indicated by the directional arroW V1 in FIGS. 1—7. 

Other embodiments of the ?rst and second press surfaces 
11 and 12 may be used in the apparatus of the present 
invention. As has been noted in the BACKGROUND, the 
following US. patents, incorporated by reference herein, 
shoW different arrangements of the pressing surfaces or their 
equivalents: US. Pat. Nos. 4,112,586 issued Sep. 12, 1978; 
4,506,456 and 4,506,457 both issued Mar. 26, 1985; 4,899, 
461 issued Feb. 13, 1990; 4,932,139 issued Jun. 12, 1990; 
5,594,997 issued Jan. 21, 1997; 4,622,758 issued Nov. 18, 
1986; and 4,958,444 issued Sep. 25, 1990. As an eXample, 
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one of the ?rst press surface 11 and the second press surface 
12 may comprise a surface of a rotating cylinder (not 
shoWn). 

In FIGS. 1—7, the ?rst and second press surfaces 11, 12 
de?ne an X-Y plane. As used herein, the X-Y plane is a 
reference plane Which is parallel to the general plane of the 
belt 20. A direction perpendicular to the X-Y plane is a 
Z-direction. Thickness of the belt 20 and caliper of the Web 
60 are measured in the Z-direction; and the Web 60 and the 
belt 20 associated thereWith are pressed by and betWeen the 
bands 31, 32 in the Z-direction. One skilled in the art Will 
understand that the press surfaces 11, 12 need not be planar 
and may comprise curved surfaces (not shoWn), in Which 
instance the Z-direction is a direction normal to the tangent 
in any point of the curved press surfaces. 

In papermaking, the machine direction MD indicates that 
direction Which is parallel to and has the same direction as 
the How of the Web 60 (and therefore the belt 20) through the 
papermaking equipment. The cross-machine direction CD is 
perpendicular to the machine direction MD and parallel to 
the general plane of the Web 60 and the belt 20. One skilled 
in the art Will appreciate that if the press surfaces 11, 12 are 
curved, the machine direction MD folloWs the shape of the 
curvature of the press surfaces 11, 12. 

The ?rst and second press surfaces 11, 12 form a press nip 
therebetWeen designed to receive the belt 20 having the 
?brous Web 60 thereon. As used herein, the term “?brous 
Web” includes any Web comprising cellulosic ?bers, syn 
thetic ?bers, or any combination thereof. The ?brous Web 60 
may be made by any papermaking process knoWn in the art, 
including, but not limited to, a conventional process or a 
through-air drying process. Suitable ?bers may include 
recycled, or secondary, papermaking ?bers, as Well as virgin 
papermaking ?bers. The ?bers may comprise hardWood 
?bers, softWood ?bers, and non-Wood ?bers. The ?nal paper 
Web produced using the apparatus and the process of the 
present invention preferably has a basis Weight in the range 
betWeen about 6 to about 40 pounds per 3000 square feet. 

Of course, the step of providing the ?brous Web 60 may 
be preceded by the steps of forming such a ?brous Web, as 
one skilled in the art Will readily understand. For example, 
the equipment for preparing the aqueous dispersion of the 
papermaking ?bers is disclosed in US. Pat. No. 3,994,771, 
issued to Morgan and Rich on Nov. 30, 1976, Which patent 
is incorporated by reference herein. The preparation of the 
aqueous dispersion of the papermaking ?bers and the char 
acteristics of such an aqueous dispersion are described in 
greater detail in US. Pat. No. 4,529,480 issued to Trokhan 
on Jul. 16, 1985, Which patent is incorporated herein by 
reference. 

The ?brous Web 60 comprises a ?ber-binding substance, 
such as, for example, ?uid-latent indigenous polymers. As 
used herein, the term “?ber-binding substance” designates a 
matter capable of interconnecting the ?bers of the Web 60 
under certain conditions, such as moisture, temperature, 
pressure, and time, as to create ?ber bonds therebetWeen. 
Selected portions of the Web 60, in Which the ?bers are 
interconnected With the ?ber-binding substance, Will form a 
?rst plurality of distinct micro-regions of the Web, different 
from the rest of the Web in that the rest of the Web Will 
comprise the ?bers Which are not interconnected With the 
?ber-binding substance. 
As Well knoWn in the papermaking art, typically, Wood 

used in papermaking inherently comprises cellulose (about 
45%), hemicelluloses (about 25—35%), lignin (about 
21—25%) and extractives (about 2—8%). G. A. Smook, 
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Handbook for Pulp & Paper Technologists, TAPPI, 4th 
printing, 1987, pages 6—7, Which book is incorporated by 
reference herein. Hemicelluloses are polymers of hexoses 
(glucose, mannose, and galactose) and pentoses (xylose and 
arabinose). Id., at 5. Lignin is an amorphous, highly poly 
meriZed substance Which comprises an outer layer of a ?ber. 
Id., at 6. Extractives are a variety of diverse substances 
present in native ?bers, such as resin acids, fatty acids, 
turpenoid compounds, and alcohols. Id. Hemicelluloses, 
lignin, and extractives are typically a part of cellulosic 
?bers, but may be added independently to a plurality of 
papermaking cellulosic ?bers, or Web, if desired, as part of 
a Web-making process. 
As a result of mechanical and/or chemical treatment of 

Wood to produce pulp, portions of hemicelluloses, lignin, 
and extractives are removed from the papermaking ?bers. It 
is believed that When the ?bers are brought together during 
a papermaking process, cellulose hydroxyl groups are linked 
together by hydrogen bonds. Smook, infra at 8. Therefore, 
the removal of most of the lignin, While retaining substantial 
amounts of hemicelluloses, is generally vieWed as a desir 
able occurrence, because the removal of lignin increases 
ability of ?bers to form inter-?ber bonds as Well as increases 
absorbency of the resulting Web. A process of “beating” or 
“re?ning” Which causes removal of primary ?ber Walls also 
helps to increase ?ber absorbency (Id., at 7), as Well as 
increase ?bers’ ?exibility. Although some portion of the 
?ber-binding substance inherently contained in the pulp is 
removed from the papermaking ?bers during mechanical 
and/or chemical treatment of the Wood, the papermaking 
?bers still retain a portion of the ?ber-binding substance 
even after the chemical treatment. The claimed invention 
alloWs advantageous use of the ?ber-binding substance 
Which is inherently contained in the Wood pulp and Which 
has traditionally been vieWed as undesirable in the paper 
making process. The preferred ?uid latent indigenous poly 
mers are selected from the group consisting of lignin, 
hemicelluloses, extractives, and any combination thereof. 
Other types of the ?uid-latent indigenous polymers may also 
be utiliZed if desired. European Patent Application EP 0 616 
074 A1 discloses a paper sheet formed by a Wet-pressing 
process and adding a Wet-strength resin to the papermaking 
?bers. 

Alternatively or additionally, the ?uid-latent indigenous 
polymers may be supplied independently from the paper 
making ?bers and added to the Web 60 (or to the ?bers) 
before the Web 60 has been formed. Independent deposition 
of the ?uid-latent indigenous polymers in the Web 60 or in 
the ?bers may be preferred if the ?bers do not inherently 
contain a sufficient amount of the ?uid-latent indigenous 
polymers, or do not inherently contain the ?uid-latent indig 
enous polymers at all (as, for example, synthetic ?bers). The 
?uid-latent indigenous polymers may be deposited in/on the 
Web 60 (or the ?bers) in the form of substantially pure 
chemical compounds. Alternatively, the ?uid-latent indig 
enous polymers may be deposited in the form of cellulosic 
?bers containing the ?uid-latent indigenous polymers. The 
?uid-latent indigenous polymers may be added uniformly, 
or—alternatively—in discrete spots. Such discrete spots 
may comprise a predetermined pattern and may or may not 
be registered With highly-densi?ed micro-regions of the 
paper Web. 
When the Web 60 enters the press nip betWeen the ?rst and 

second press surfaces 11, 12, the Web 60 preferably has a 
?ber-consistency in the range of from about 5% to about 
60%. More preferably, the ?ber-consistency of the Web 60 
just prior to being pressed betWeen the press surfaces 11 and 
12 (at or about the point B in FIG. 2) is from about 15% to 
about 50%. 
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The Web 60 and the belt 20 are interposed between the 
?rst and second press surfaces 11, 12 such that the ?rst press 
surface 11 contacts the Web 60, and the second press surface 
12 contacts the backside of the belt 20. Apressing means 30 
presses the ?rst and second press surfaces 11, 12 toWards 
each other. The pressing means 30 shoWn in FIGS. 1—3 
comprises members pressing the corresponding (in the 
Z-direction) sections of the bands 31 and 32 toWards each 
other, Wherein these corresponding sections form the press 
nip therebetWeen. As used herein, the bands’ corresponding 
sections Which form the press nip therebetWeen are de?ned 
as “nip-forming sections” of the bands 31 and 32. The 
pressing means 30 schematically shoWn in FIGS. 1—3 may 
operate independently from the rolls 51, 52, 55, and 56. 
HoWever, depending on the desired degree of densi?cation 
of the Web 60, and for any given belt 20 having a certain 
thickness, pressing of the Web 60 and the belt 20 by and 
betWeen the bands 31 and 32 may be effected solely by 
virtue of a correctly chosen clearance betWeen the bands 31 
and 32 and their longitudinal (i. e., machine-directional) 
tension. In the latter instance, the pressing means 30 com 
prises devices controlling the clearance betWeen the bands 
31 and 32 and the bands’ tension. 

FIGS. 1, 2, and 3 schematically shoW the means 40 for 
creating a temperature differential betWeen the ?rst and 
second press surfaces 11, 12 as comprising the heating 
apparatus 41 and the cooling apparatus 42. The heating 
apparatus 41 heats a section of the ?rst band 31 before it 
comes into contact With the Web 60; and the cooling appa 
ratus 42 cools a section of the second band 32 before it 
comes into contact With the Web 60. Thus, When the ?rst 
band 31 impresses the Web 60 into the belt 20, the ?rst band 
31 also heats one side of the Web 60, While the second band 
32 simultaneously cools the belt 20 contacting the other side 
of the Web 60. The temperature differential drives the Water 
contained in the Web 20 from the relatively hot side to the 
relatively cool side, due to at least partial evaporation of the 
Water folloWed by condensation. Other embodiments of the 
means 40, as Well as other arrangements of the heating and 
cooling apparatuses 41, 42, Well knoWn in the art, may also 
be used if feasible. For example, the nip-forming section of 
the ?rst band 31 may be heated When it is in contact With the 
Web 60 (FIG. 2B), additionally or alternatively to being 
heated before contacting the Web 60. Analogously, the 
nip-forming section of the second band 32 may be simul 
taneously cooled (not shoWn). 
As shoWn above, the temperature differential created 

betWeen the ?rst and second bands 31, 32 causes the Water 
contained in the Web 60 to move from the relatively hot area 
to the relatively cold area, i. e., toWards and into the belt 20. 
Therefore, the belt 20 should preferably have a suf?cient 
amount of void volume to be able to accumulate the Water 
driven into the belt 20 from the Web 60. If necessary, an 
additional fabric juxtaposed With the belt 20 may be used for 
receiving the Water driven from the Web 60. 

FIGS. 8 and 9 shoW one embodiment of the ?rst press 
surface 11 Which is patterned. In FIGS. 8 and 9, the ?rst 
press surface 11 comprises an essentially continuous, mac 
roscopically monoplanar, and patterned netWork area 11a, 
and a plurality of discrete depressions 11b Which are dis 
persed throughout and encompassed by the netWork area 
11a. The netWork area 11a protrudes in the Z-direction from 
the level of the depressions 11b, as best shoWn in FIG. 8. The 
continuous netWork 11a alloWs creping to be performed off 
such a netWork With a creping blade, as discussed in 
sufficient detail herein beloW. 
As shoWn in FIGS. 8 and 9, selected portions 61 of the 

Web 60 correspond (in the Z-direction) to the netWork area 
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11a of the ?rst press surface 11; and portions 62 of the Web 
60 correspond (in the Z-direction) to the depressions 11b of 
the ?rst press surface 11. Thus, When the ?rst press surface 
11 presses the Web 60 against the belt 20, the netWork area 
11a of the ?rst press surface 11 densi?es primarily the 
selected portions 61, leaving the rest of the Web 60, includ 
ing the portions 62, undensi?ed (or densi?ed, if desired, to 
a signi?cantly lesser degree). The ?rst press surface 11 
embosses the Web 60 according to a speci?c pattern of the 
netWork area 11a. In the ?nished paper product, the densi 
?ed portions 61 of the Web 60 form a continuous netWork 61 
having a pattern Which in plan vieW is essentially identical 
With the pattern of the netWork 11a of the ?rst press surface 
11. The continuous and densi?ed netWork 61 of the ?nal 
paper product provides strength, While the loW-density por 
tions 62 generate bulk providing softness and absorbency. 

If desired, the portions 62 of the Web 60 may also be 
impressed by the depressions 11b of the ?rst press surface 
11. In this instance, both the portions 61 and the portions 62 
may be densi?ed, but to a different degree. The pressure 
differential betWeen the pressure applied to the portions 61 
and the pressure applied to the 62 may be controlled by the 
distance betWeen the surface of the netWork 11a and the 
surface de?ned by the depressions 11b of the patterned ?rst 
press surface 11. 

The patterned ?rst press surface 11 may also comprise 
discrete protrusions (as opposed to depressions 11b), alter 
natively or in addition to the netWork 11a. These embodi 
ments are not illustrated but may easily be visualiZed by one 
skilled in the art. In FIGS. 8 and 9, for example, by reversing 
the reference numerals 11a and 11b, one can easily visualiZe 
the netWork comprising depressions, and a plurality of 
discrete protuberances extending in the Z-direction from the 
netWork. FIG. 9A shoWs another embodiment of the ?rst 
press surface 11. In FIG. 9A, the ?rst press surface 11 
comprises essentially continuous, machine-directional lon 
gitudinal stripes 12a separated by machine-directional lon 
gitudinal depressions 12b. 

FIGS. 10 and 11 shoW the ?rst and second press surfaces 
11, 12 that are essentially unpatterned. In FIGS. 10 and 11, 
the belt 20 comprises a frameWork 21 joined to the rein 
forcing structure 25. The frameWork 21 has a Web-side 
surface 21a and a backside surface 21b. The Web-side 
surface 21a of the frameWork 21 de?nes the Web-side 20a of 
the belt 20; and the backside surface 21b de?nes the back 
side 20b of the belt 20. Aplurality of de?ection conduits 22 
extends betWeen the Web-side surface 21a and a backside 
surface 21b of the frameWork 21. The reinforcing structure 
25 is positioned betWeen the Web-side surface 21a and the 
backside surface 21b of the frameWork 21. This belt is 
described in several commonly-assigned US. patents men 
tioned above and incorporated by reference herein. If 
desired, the backside 20b of the belt 20 may be textured 
according to the commonly assigned and incorporated 
herein by reference US. Pat. Nos. 5,275,700 issued Jan. 4, 
1994 to Trokhan; 5,334,289 issued Aug. 2, 1994 to Trokhan 
et al.; 5,364,504 issued Nov. 15, 1994 to Smurkoski et al. In 
FIGS. 10 and 11, the selected portions 61 of the Web 60, 
corresponding (in the Z-direction) to the Web-side surface 
21a, are pressed against the ?rst press surface 11 and thereby 
densi?ed, While the portions 62 of the Web 60, correspond 
ing in the Z-direction to the de?ection conduits 22, are not 
subjected (or subjected to a signi?cantly lesser degree, if 
desired) to densi?cation. 

In the embodiment shoWn in FIGS. 10 and 11, the 
frameWork 21 comprises an essentially continuous pattern, 
and the plurality of de?ection conduits 22 comprises a 
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plurality of discrete ori?ces, or holes, extending from the 
Web-side surface 21a to the backside surface 21b of the 
framework 21. Preferably, the discrete conduits 22 are 
arranged in a pre-selected pattern in the framework 21, and 
more preferably, the pattern of the arrangement of the 
conduits 22 is non-random and repeating, such as, for 
example, a continuously-reticulated pattern. The papermak 
ing belt 20 having a continuous frameWork 21 and discrete 
de?ection conduits 30 is primarily disclosed in the com 
monly assigned and incorporated by reference herein US. 
Pat. Nos. 4,528,239 issued Jul. 9, 1985 to Trokhan; 4,529, 
480 issued Jul. 16, 1985 to Trokhan; 4,637,859 issued Jan. 
20, 1987 to Trokhan; 5,098,522 issued Mar. 24, 1992 to 
Trokhan et al.; 5,275,700 issued Jan. 4, 1994 to Trokhan; 
5,334,289 issued Aug. 2, 1994 to Trokhan; and 5,364,504 
issued Nov. 15, 1985 to Smurkoski et al. 

The belt 20 may also have the frameWork 21 comprising 
a plurality of discrete protuberances extending from the 
reinforcing structure 25 and separated from one another by 
an area of essentially continuous de?ection conduits. This 
embodiment is not shoWn in the draWings but may easily be 
visualiZed by one skilled in the art. The individual protu 
berances may or may not have the discrete de?ection 
conduits disposed therein and extending from the Web-side 
surface 21a to the backside surface 21b of the frameWork 21. 
The papermaking belt 20 having the frameWork 21 com 
prising the discrete protuberances is primarily disclosed in 
the commonly assigned and incorporated by reference 
herein US. Pat. No. 4,245,025 issued Sep. 14, 1993 to 
Trokhan et al. and US. Pat. No. 5,527,428 issued Jun. 18, 
1996 to Trokhan et al. Also, the papermaking belt 20 having 
the discrete protuberances raised above the plane of the 
fabric may be made according to the European Patent 
Application 95105513.6, Publication No. 0 677 612 A2, 
?led Dec. 4, 1995, inventor Wendt et al. 
As used herein, the term “essentially continuous” indi 

cates that interruptions in absolute geometrical continuity, 
While are not preferred, may be tolerable—as long as these 
interruptions do not adversely affect the performance of the 
belt 20. It should also be carefully noted that embodiments 
(not shoWn) are possible in Which interruptions in the 
absolute continuity of the frameWork 21 or interruptions in 
the absolute continuity of the continuous conduits 22 are 
intended as a part of the overall design of the belt 20. 

Regardless of its speci?c embodiment, the belt 20 is 
preferably ?uid-pervious in at least one direction, particu 
larly the direction from the Web-side 20a to the backside 
20b. As used herein, the term “?uid-pervious” refers to the 
condition Where a liquid carrier of a ?brous slurry, or gas, 
such as air or steam, may be transmitted through the belt 20 
Without signi?cant obstruction. 

The next step in the process of the present invention 
comprises heating the ?brous Web 60, or at least selected 
portions 61 of the Web 60. It is believed that heating the Web 
60 to a suf?cient temperature and for a suf?cient period of 
time Will cause the ?ber-binding substance contained in the 
Web 60 to soften. Then, under pressure applied to the 
selected portions 61 of the Web 60 contained the ?ber 
binding substance, the softened ?ber-binding substance 
becomes ?oWable and capable of interconnecting those 
papermaking ?bers Which are mutually juxtaposed in the 
selected portions 61. 

The step of heating the Web 60 can be accomplished by a 
variety of means knoWn in the art. For example, as sche 
matically shoWn in FIGS. 1, 2, and 3, the Web 60 may be 
heated by a heating apparatus 41. A heating Wire (nor 
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shoWn) in contact With the Web 60 may also be utiliZed; such 
principal arrangement is disclosed in US. Pat. No. 5,594, 
997 issued to Jukka Lehtinen on Jan. 21, 1997 and assigned 
to Valmet Corporation (of Finland). Alternatively or 
additionally, the Web 60 can be heated by steam, as disclosed 
in US. Pat. No. 5,506,456 issued to Jukka Lehtinen on Mar. 
26, 1985 and assigned to Valmet Corporation (of Finland). 
The disclosures of both foregoing patents are incorporated 
by reference herein. 

The application of temperature to the Web 60 may be 
Zoned (not shoWn). For example, as the Web 60 in associa 
tion With the belt 20 passes betWeen press surfaces 11 and 
12, in a ?rst Zone (not shoWn) the Web 60 is fast-heated to 
a temperature T suf?cient to cause the ?ber-binding sub 
stance contained in the selected portions 61 of the Web 60 to 
soften and ?oW; and in a second Zone (not shoWn) the Web 
60 is merely maintained at the temperature T. Such “Zoned” 
application of temperature alloWs one to better control the 
time during Which the ?ber-binding substance is in a soft 
ened and ?oWable condition, and may provide energy 
related savings. PCT Application W0 97/ 19223 shoWs one 
of the possible principal arrangements suitable for the pro 
cess of the present invention. 

The next step is applying pressure to the selected portions 
61 of the Web 60. The step of applying pressure is preferably 
accomplished by subjecting the Web 60 associated With the 
belt 20 and the belt 20 to a pressure betWeen tWo mutually 
opposed press surfaces: a ?rst press surface 11 and a second 
press surface 12, as best shoWn in FIG. 8. The ?rst and 
second press surfaces 11 and 12 are parallel to the X-Y plane 
and mutually opposed in the Z-direction. The Web 60 and the 
belt 20 are interposed betWeen the ?rst press surface 11 and 
the second press surface 12 such that the ?rst press surface 
11 contacts the selected portions 61 of the Web 60, and the 
second press surface 12 contacts the backside surface 20b of 
the belt 20. 

The ?rst press surface 11 and the second press surface 12 
are pressed toWard each other in the Z-direction. The ?rst 
press surface 11 pressuriZes the selected portions 61 of the 
Web 60 against the Web-facing surface 20a of the belt 20, 
thereby causing the ?bers Which are mutually juxtaposed in 
the selected portions 61 to conform to each other under the 
pressure. As a result of the application of the pressure, a 
resulting area of contact betWeen the ?bers in the selected 
portions 61 increases, and the softened ?ber-binding sub 
stance becomes ?oWable and interconnects the adjacent and 
mutually juxtaposed ?bers in the selected portions 61 of the 
Web 60. 

The steps of heating and pressuriZing the Web 10 may be 
performed concurrently. In the latter case, the ?rst press 
surface 11 preferably comprises or is associated With a 
heating element. It is believed that simultaneous pressuriZ 
ing and heating of the selected portions 61 of the Web 60 
facilitates softening and ?oWability of the ?ber-binding 
substance in the selected portions 61 of the Web 60. 

Under the traditional paper-making conditions, When the 
Web 60 is transferred to the Yankee drying drum (not 
shoWn), the residence time during Which the Web 60 is under 
pressure betWeen the surface of the Yankee drum and an 
impressing nip roll is too short to effectively cause the 
?ber-binding substance to soften and ?oW. Although some 
densi?cation does occur at the transfer of the Web 60 to the 
Yankee dryer’s surface at the nip betWeen the surface of the 
Yankee drum and the surface of the impression nip roll, the 
traditional papermaking conditions do not alloW to maintain 
the Web 60 under pressure for more than about 2—5 milli 
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seconds. At the same time, it is believed that for the purposes 
of causing the softened ?ber-binding substance to How and 
interconnect the ?bers in the selected portions 61, the 
preferred residence time should be at least about 0.1 second 
(100 milliseconds). 

In contrast With the traditional papermaking process, the 
present invention provides a signi?cant increase in the 
residence time during Which the Web 60 is subjected to the 
combination of the temperature and the pressure suf?cient to 
cause the ?ber-binding substance to become ?oWable and 
interconnect the papermaking ?bers in the selected 
(pressurized) portions 61 of the Web 60. According to the 
process of the present invention, the more preferred resi 
dence time is greater than about 1.0 second. The most 
preferred residence time is in the range of betWeen about 2 
seconds and about 10 seconds. One skilled in the art Will 
readily appreciate that at a given velocity of the belt 20, the 
residence time is directly proportional to the length of a path 
at Which the selected portions 61 of the Web 60 are under 
pressure. 

While the selected portions 61 of the Web 60 is subjected 
to the pressure betWeen the ?rst press surface 11 and the 
Web-side surface 20a of the belt 20, the rest of the Web 60 
(designated herein as portions 62) is not subjected (or 
subjected to a lesser degree) to the pressure, thereby retain 
ing the absorbency and softness characteristics of essentially 
undensi?ed Web. To be sure, the ?rst press surface 11 may 
in some cases contact both the selected portions 61 and the 
portions 62 of the Web 60. Still, even in the latter case, the 
portions 62 are not subjected to the process of ?oWing, 
interconnecting, and immobiliZation of the ?ber-binding 
substance as the selected portions 61 are. 

Prophetically, the preferred exemplary conditions that 
cause ?ber-binding substance to soften and become ?oWable 
as to interconnect the adjacent papermaking ?bers in the 
selected portions 61 include heating the ?rst portion 61 of 
the Web 60 having a moisture content of about 30% or 
greater (i.e., consistency of about 70% or less) to a tem 
perature of at least 70° C. for the period of time of at least 
0.5 sec. and preferably under the pressure of at least 1 bar 
(14.7 PSI). More preferably, the moisture content is at least 
about 50%, the residence time is at least about 1.0 sec., and 
the pressure is at least about 5 bar (73.5 PSI). If the Web 60 
is heated by the ?rst press surface 11, the preferred tem 
perature of the ?rst press surface 11 is at least about 150° C. 

The next step involves immobiliZation of the ?oWable 
?ber-binding substance and creating ?ber-bonds betWeen 
the cellulosic ?bers Which are interconnected in the selected 
portions 61 of the Web 60. The step of immobiliZation of the 
?ber-binding substance may be accomplished by either 
cooling of the ?rst portion 61 of the Web 60, or drying of the 
?rst portion 61 of the Web 60, or releasing the pressure to 
Which the ?rst portion 61 of the Web 60 has been subjected. 
The three foregoing steps may be performed either in the 
alternative, or in combination, concurrently or consecu 
tively. For example, in one embodiment of the process, the 
step of drying alone, or alternatively the step of cooling 
alone, may be suf?cient to immobilize the ?ber-binding 
substance. In another embodiment, for example, the step of 
cooling may be combined With the step of releasing the 
pressure. Of course, all three steps may be combined to be 
performed concurrently, or consecutively in any order. 

One method of determining if the ?ber-bonds have been 
formed is described in an article by Leena Kunnas, et al., 
“The E?ect 0f Condebelt Drying 0n the Structure of Fiber 
Bonds, ” ZAPPI Journal, Vol. 76, No. 4, April 1993, Which 
article is incorporated by reference herein. 
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According to the present invention, after the Web 60 and 

the associated thereWith belt 20 have been pressed betWeen 
the ?rst and second press surfaces 11, 12, the Web 60 is 
subjected to foreshortening by a foreshortening means 70. 
FIGS. 1—7 shoW several exemplary embodiments of fore 
shortening the Web 60 according to the present invention, 
Which examples are intended to be neither exclusive nor 
exhaustive embodiments. Depending on a speci?c 
embodiment, the Web 60 separates from the belt 20 either 
before (FIGS. 1, 3, 5, 6, and 7) or almost simultaneously 
With (FIGS. 2 and 4) the beginning of the step of foreshort 
ening. 

FIG. 1 shoWs the apparatus 10 having a foreshortening 
means 70 comprising a creping doctor blade 73 juxtaposed 
With the ?rst press surface 11. Creping may be accomplished 
according to commonly assigned US. Pat. No. 4,919,756, 
issued on Apr. 24, 1992 to SaWdai, the disclosure of Which 
is incorporated herein by reference. A conventional creping 
blade 73 is positioned against the creping surface so as to 
create an impact angle betWeen the blade and the creping 
surface, Wherein the impact angle ranges from about 70 
degrees to about 90 degrees. A cleaning blade (Well knoWn 
in the art and therefore not shoWn) may also be used to 
remove contaminant build-up and excess coating from the 
creping surface. The Web 60 preferably becomes adhered to 
the ?rst press surface 11 during the step of pressing. Accord 
ing to the present invention, a creping adhesive may be 
applied directly to the creping surface. Creping adhesives 
comprising polyvinyl alcohol, animal-based protein glues, 
or mixtures thereof, Well knoWn in the art, may be utiliZed. 
The commonly-assigned US. Pat. No. 3,926,716 issued to 
Bates on Dec. 16, 1975, and incorporated herein by 
reference, teaches a polyvinyl alcohol creping adhesive. The 
US. Pat. No. 4,501,640 issued to Soerens on Feb. 26, 1985; 
US. Pat. No. 5,187,219 issued to Furman, Jr. on Feb. 16, 
1993; US. Pat. No. 5,494,554 issued to EdWards et al. on 
Feb. 27, 1996 describe various types of creping adhesives. 
Optionally, various plasticiZers may be used in conjunction 
With the creping adhesive. For example, the plasticiZer 
commercially sold as CREPETROL R 6390 is available 
from Hercules Incorporated of Wilmington, Del. 
The creping adhesive may be uniformly applied to the 

?rst press surface 11. Alternatively, the creping adhesive 
may be deposited to discrete spots, continuous areas, or 
combination thereof. In the instance of the non-uniform 
deposition of the creping adhesive, the pattern may be 
random or—alternatively—non-random and repeating. The 
non-random pattern is preferred. The discrete spots or areas 
may comprise a pre-selected pattern. The pre-selected pat 
tern may be registered With the portions 61 of the Web 60, 
Which portions 61 are highly-densi?ed relative to the rest of 
the Web 60, including the portions 62. Such devices as a 
printing roll 92 (FIGS. 1, 6, 7, and 7A), spraying noZZles 91 
(FIGS. 1A and 5), and extrusion devices (not shoWn), Well 
knoWn in the art, may be utiliZed as an adhesive applicator 
90 in the present invention. 

FIG. 1A schematically shoWs the adhesive applicator 90 
comprising a plurality of spraying noZZles 91. The noZZles 
91 may be arranged in the cross-machine direction so as to 
continuously deposit the creping adhesive in the form a 
plurality of separate, and generally machine-directional, 
strips 91a. Of course, the strips 91a need not comprise 
straight lines shoWn in FIG. 1A. One skilled in the art Will 
understand that a reciprocal cross-directional movement of 
the plurality of noZZles 91 Will produce a sinusoidal pattern 
of the strips 91a (not shoWn). The sinusoidal strips may or 
may not be in phase, or they may or may not be parallel to 
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each other. A pattern is possible in Which the strips are 
mutually intersecting. It should also be noted that the 
arrangement is possible in Which some of the noZZles move 
reciprocally in the cross-machine direction, While the other 
noZZles do not move. Such an arrangement Will produce the 
combination of the substantially straight strips and sinusoi 
dal strips (not shoWn). Likewise, the strips 91a need not be 
continuous; interruptions in the adhesive strips 91a are 
possible and may even be desirable. 

FIG. 7A shoWs another embodiment of the adhesive 
applicator 90. In FIG. 7A, a printing roll 92 contacts the 
creping surface 75, thereby depositing the adhesive on the 
creping surface 75 according to a speci?c pre-determined 
pattern 92a. While FIG. 7A shoWs the printing roll having a 
patterned surface, a printing roll having a smooth surface 
may also be used for applying the adhesive to the ?rst press 
surface 11, such as, for example, the ?rst press surfaces 11 
shoWn in FIGS. 9 and 9A. Because the ?rst press surfaces 11 
shoWn in FIG. 9 and 9A comprise elements extending in the 
Z-direction, the printing roll having a smooth surface Will 
deposit the adhesive only (or primarily) on the surfaces of 
such extending elements. 

Other methods of applying the adhesive to the creping 
surface, Well knoWn in the art, may also be utiliZed in the 
present invention. For example, US. Pat. No. 3,911,173 
issued Oct. 7, 1975 to Sprague, Jr., US. Pat. No. 4,031,854 
issued Jun. 28, 1977 to Sprague, Jr., and US. Pat. No. 
4,098,632 issued Jul. 4, 1978 to Sprague, Jr. teach a spiral 
adhesive deposition noZZle. These noZZles utiliZe a circum 
ferentially oriented plurality of air jets to induce a spiral 
pattern to the ?lament of adhesive as it is discharged from 
the noZZle and extrudes to the face of the lamina to be 
adhesively joined. 
US. Pat. No. 4,949,668 issued Aug. 21, 1990 to Heindel, 

et al. discloses an apparatus for depositing hot melt adhesive 
onto a substrate in a semi-cycloidal pattern. The semi 
cycloidal pattern closely controls the cross-directional posi 
tioning of the adhesive ?lament to reduce overspray and 
Waste. 

US. Pat. No. 4,891,249 issued Jan. 2, 1990 to McIntyre 
and US. Pat. No. 4,996,091 issued Feb. 26, 1991 to McIn 
tyre disclose an apparatus and process for generating ?uid 
?ber adhesive droplets and combinations of ?bers and 
droplets. The ?bers, droplets and combinations thereof are 
generated by funneling a cone of pressuriZed air symmetri 
cally about the adhesive ?lament. This results in a pattern of 
randomly laid crisscrossing ?ber deposits onto the face of 
the lamina. 

Commonly assigned US. Pat. No. 5,143,776, issued Sep. 
1, 1992 to Givens and incorporated herein by reference 
teaches the adhesive applied in a longitudinally oriented 
stripe. The stripe is deposited either in a spiral pattern, or, 
preferably, in a melt bloWn pattern. 

The patterned application of the adhesive to the creping 
surface may be bene?cial because it alloWs one to control 
the level of adhesion of the Web 60 to the creping surface. 
The degree to Which the Web is adhered to the creping 
surface prior to creping With the creping blade is believed to 
be one of the key factors determining softness, bulk, 
absorbency, and stretchability of the paper Web after crep 
ing. The patterned application of the adhesive to the creping 
surface creates conditions for differential adhesion of the 
paper Web to the creping surface, and thus—for creating a 
paper Web having differential regions. 

According to the present invention, the creping surface 
may have different shapes: convex (FIGS. 1 and 6), ?at 
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(FIG. 7), and concave (FIG. 5). The concave creping surface 
75 shoWn in FIG. 5 may be formed as a result of the pressure 
caused by the creping blade 73. Alternatively or additionally, 
the concave creping surface may be formed independently 
from the pressure caused by the creping blade. To form a ?at 
creping surface, it may be bene?cial to provide a support for 
the creping surface in the area Where the creping blade 
contacts the creping surface. FIG. 7A shoWs the creping 
surface 75 supported by a roll 77 in the area Where the 
creping blade 73 is juxtaposed With the creping surface 75. 
The creping blade 73 may comprise a serrated pattern. 

US. Pat. Nos. 5,656,134, issued Aug. 12, 1997 to Marinack 
et al.; 5,685,954, issued Nov. 11, 1997 to Marinack et al.; 
and 5,690,788, issued Nov. 25, 1997 to Marinack et al. 
disclose a creping blade having an undulatory rake surface 
having through-shaped serrulations. 

FIGS. 2—7 shoW the process and the apparatus of the 
present invention, Wherein the step of foreshortening com 
prises transferring the Web 60 from the papermaking belt 20 
and/or the ?rst press surface 11 to a transfer fabric 111. The 
transfer fabric 111 receives the Web 10 after the Web 60 has 
been pressed Within the press nip betWeen the ?rst and 
second press surfaces 11, 12. FIGS. 2—7 schematically shoW 
several embodiments of the foreshortening means compris 
ing the transfer fabric 111 moving at a second velocity V2. 
The second velocity V2 is less than the ?rst velocity V1. 
US. Pat. No. 4,440,597, commonly assigned and incor 

porated by reference herein, describes in detail “Wet 
microcontraction.” Brie?y, Wet-microcontraction involves 
transferring the Web having a loW ?ber-consistency from a 
?rst member (such as a foraminous member) to a second 
member (such as a loop of open-Weave fabric) moving 
sloWer than the ?rst member. According to US. Pat. No. 
4,440,597, the preferred consistency of the Web prior to the 
transfer is from about 10% to about 30% ?bers by Weight, 
and the most preferred consistency is from about 10% to 
about 15%. 

NoW, it is believed that the velocity differential can be 
successfully utiliZed to foreshorten a Web having the ?ber 
consistency Which is signi?cantly higher relative to the 
?ber-consistency of the Web used in the Wet 
microcontraction method described in the above-referenced 
patent. It is believed that the Z-directional pattern of the Web 
60 creates conditions for “microcontracting” even the rela 
tively dry Web 60 in and around the Web’s areas 62, Which 
are not densi?ed or densi?ed to a signi?cantly loWer degree 
relative to the areas 61. In accordance With the present 
invention, the preferred ?ber-consistency of the Web 60 after 
it has been pressed betWeen the ?rst and second press 
surfaces 11, 12 and before it Was transferred to the transfer 
fabric 111 is at least 30%. The preferred velocity differential 
V2/V1 is from about 0.95 to about 0.75 (meaning that the 
second speed V2 is from about 5% to about 25% loWer than 
the ?rst velocity V1). The preferred transfer fabric 111 
comprises an endless belt having a textured Web-receiving 
surface. The papermaking belts made by the present 
assignee according to several patents referenced herein may 
be used as the transfer fabric 111. 

In the embodiment shoWn in FIG. 2, the belt 20 carries the 
Web 60 from the press nip formed betWeen the ?rst and the 
second press surfaces 11, 12 to the transfer fabric 111. The 
roll 55 With the associated second band 32, and the roll 72 
With the associated transfer fabric 111 form a transfer nip 
therebetWeen into Which the Web 60 is continuously 
directed. More precisely, the transfer nip is formed betWeen 
the papermaking belt 20 and the transfer fabric 111 in the 
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area TN in FIG. 2. The transfer nip is designed to receive the 
Web 60. The transfer fabric 111 may be treated With adhesive 
to facilitate adherence of the Web 60 to the transfer fabric 
111 thereby assisting the separation of the Web 60 from the 
belt 20. 

In the embodiment shoWn in FIG. 3, the Web 60 is 
continuously directed into the transfer nip formed in the area 
TN betWeen the roll 51 having the associated ?rst band 31 
thereon and the roll 72 having the associated transfer fabric 
111 thereon. More precisely, in FIG. 3, the transfer nip is 
formed betWeen the ?rst band 31 and the transfer fabric 111, 
to receive the Web 60. 

After the Web 60 has been transferred to the transfer fabric 
111, an additional pressure may be utiliZed to facilitate 
adherence of the Web 60 to the transfer fabric 111. As an 
example, in FIG. 3 the additional pressure is caused by an 
optional rotating pressure roll 78 juxtaposed With the roll 72 
and engaging the Web 60 interposed betWeen the pressure 
roll 78 and the transfer fabric 111. 

FIG. 4 shoWs another embodiment of the apparatus 10, in 
Which the transfer of the Web 60 from the belt 20 to the 
transfer fabric 111 is effected by a vacuum apparatus, such 
as, for example, a vacuum pick-up shoe 77. In addition to the 
vacuum pick-up shoe 77, other suitable vacuum equipment, 
such for example as vacuum boxes (not shoWn), Well-knoWn 
in the art, may be used to transfer the Web 60 from the belt 
20 to the transfer fabric 111. The vacuum transfer is Well 
knoWn in the papermaking arts and therefore is not 
described in detail herein. 

FIGS. 5 and 6 shoW still another embodiment of the 
present invention. In FIGS. 5 and 6, the Web 60, after being 
released from the pressure betWeen the ?rst and second press 
surfaces 11, 12, is transferred to the transfer fabric 111 
(shoWn as forming a loop around rolls 71 and 72). An 
auxiliary pressing surface 112 is interposed With the transfer 
fabric 111 to form a second press nip betWeen the transfer 
fabric 111 and the auxiliary pressing surface 112. Pressing 
means, similar to those applied With regard to the ?rst and 
second press surfaces 11, 12, may be used to effect pressing 
the transfer fabric 111 and the auxiliary pressing surface 112 
toWards each other. As has been pointed out above, the 
velocity V2 of the transfer fabric 111 and the auxiliary 
pressing surface 112 is less than the velocity V1 of the ?rst 
and second press surfaces 11, 12. It should also be noted that 
in both FIG. 5 and FIG. 6, the auxiliary pressing surface 112 
comprises the creping surface 75. 

In the present invention, the creping surface 75 may 
comprise the ?rst press surface 11, as shoWn in FIG. 1. The 
creping surface 75 may also comprise the transfer fabric 111 
(FIG. 7). In the embodiments shoWn in FIGS. 5—7, the Web 
60 is transferred from the association With the ?rst press 
surface 11 to the creping surface 75. As shoWn in FIGS. 5—7, 
the transferal of the Web 60 to the creping surface 75 may 
involve foreshortening by microcontraction of the Web 60, 
Wherein a velocity differential exists betWeen the ?rst press 
surface 11 and the transfer fabric 111. 

Intermediate belts, separate from both the papermaking 
belt 20 and the transfer fabric 111, may also be used in the 
present invention. US. Pat. No. 5,607,551, issued on Mar. 4, 
1997 to Farrington and assigned to Kimberly-Clark Corpo 
ration is incorporated by reference herein. Also, the trans 
feral of the Web 60 from the belt 20 to the transfer fabric 111 
may be accomplished by using a transfer gap betWeen the 
belt 20 and the fabric 111. PCT Application WO 96/13635, 
published on May 9, 1996, shoWs a method of using such a 
transfer gap. 
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The process and the apparatus of the present invention 

may be utiliZed in making a paper Web having no differential 
density regions. In this instance, both the ?rst press surface 
11 and the Web-side 20a of the belt 20 should preferably be 
smooth, as one skilled in the art Will readily appreciate. 
Regardless of the type of the paper Web made by the 
proposed apparatus and process, the Web 60 may optionally 
be calendered after being foreshortened. 
What is claimed is: 
1. A process for making a foreshortened single lamina 

?brous Web having selected micro-regions formed by ?bers 
interconnected With a ?ber-binding substance, said process 
comprising the steps of: 

(a) providing a ?brous Web comprising a ?ber-binding 
substance and Water; 

(b) providing a macroscopically monoplanar papermak 
ing belt having a Web-side surface de?ning an X-Y 
plane, a backside surface opposite said Web-side 
surface, and a Z-direction perpendicular to said X-Y 
plane; 

(c) depositing said ?brous Web on said Web-side surface 
of said papermaking belt; 

(d) heating at least selected portions of said ?brous Web 
thereby causing softening of said ?ber-binding sub 
stance in said selected portions; 

(e) applying pressure to said selected portions, thereby 
causing said ?ber-binding substance in said selected 
portions to How and interconnect said ?bers Which are 
mutually juxtaposed in said selected portions; 

(f) immobiliZing said ?ber-binding substance and creating 
?ber-bonds betWeen said ?bers Which are intercon 
nected in said selected portions thereby forming a ?rst 
plurality of micro-regions from said selected portions 
of said ?brous Web; 

(g) foreshortening said ?brous Web to form said foreshort 
ened single lamina ?brous Web. 

2. The process according to claim 1, Wherein said step of 
depositing said ?brous Web on said Web-side surface of said 
papermaking belt comprises moving said papermaking belt 
in a machine direction at a ?rst velocity. 

3. The process according to claim 2, Wherein said step of 
foreshortening comprises foreshortening said Web by crep 
mg. 

4. The process according to claim 2, Wherein said step of 
applying pressure to said selected portions of the Web 
comprises a step of impressing said Web disposed on said 
papermaking belt betWeen a ?rst press surface and a second 
press surface, said ?rst press surface contacting said Web and 
said second press surface contacting said backside of said 
belt. 

5. The process according to claim 4, Wherein said step of 
applying pressure to said selected portions of the Web further 
comprises a step of moving said ?rst and second press 
surfaces in a machine direction at a ?rst velocity. 

6. The process according to claim 5, Wherein in said step 
of applying pressure to said selected portions of the Web said 
?rst press surface and said second press surface are mutually 
parallel. 

7. The process according to claim 5, Wherein said step of 
foreshortening comprises steps of adhering said Web to said 
?rst press surface and creping said Web off said ?rst press 
surface With a creping blade. 

8. The process according to claim 7, Wherein said step of 
adhering said Web to said ?rst press surface comprises a step 
of depositing a creping adhesive to said ?rst press surface in 
a substantially uniform pattern. 




